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Adaptation to climate change and mitigation
strategies in cultivated and natural environments.
A review.
Efthymia Chatzidaki, Francesca Ventura*1

Abstract: This paper reviews recent scientific literature addressing climate change adaptation and mitigation measures developed by the scientific community. The review analyses more than one hundred papers regarding forests,
agriculture and water resources. Its aim is to be used as a basis for supporting future research and long-term mitigation and adaptation planning. Mitigation possibilities are mainly focused on producing energy from renewable resources, reducing CO2 emissions from fossil fuels and using biomass specifically produced or different types of wastes.
Other mitigation strategies are contrasting or governing land use changes or sequestring C into the soil. Adaptation
to climate change will need anthropic intervention, to help the adapting capability of different environments. Most of
the papers reviewed underline the need to act immediately to have the desired results, and to take into account, during the design of the strategy, the society and the local authorities, which may be able to help at identifying the vulnerabilities and the appropriate measures for each region.
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Until recently and for a variety of reasons, the
primary response to climate change has been
mitigation through reduction of greenhouse gas
emissions. Since the late 1980s, the European
Union has played a prominent role in the
international political scene to reduce greenhouse
gas emissions, particularly through the promotion
of research and the establishment of ambitious
policy emission reduction targets of several EU
countries (Schreurs and Tiberghien, 2007). Only
with increasing evidence of climate impacts
occurring (e.g. with Arctic sea ice and mountain
glaciers melting, permafrost thawing, extreme heat
waves, number of floods and storm damage
increasing) has adaptation become part of the
political agenda, aiming at assisting the management
of the inevitable future impacts (EEA, 2008). Until
the last couple of years, the European Union,
focusing mainly on delivering the Kyoto targets and
mechanisms, has played a rather limited role in
adaptation (Biesbroek et al., 2010).
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1. INTRODUCTION
Increase in greenhouse gas (GHG) emissions
through human activities has resulted in additional
warming of the earth’s surface, with several
anticipated disastrous impacts (Nyong et al., 2007).
The impacts of changes in current climate have been
analysed in depth and, according to several studies,
nearly all European regions will be affected by future
impacts of climate change, though not at the same
magnitude (Parry et al., 1989, Rotmans et al., 1994,
Beniston et al., 1998, Parry, 2000, Kundzewicz et al.,
2001, EEA, 2006, Adger et al., 2007, Alcamo et al.,
2007, EEA, 2008, CEC, 2009). The different spatial
distribution of the impacts over European regions,
will put additional pressures on the existing social–
ecological structures and functions (Folke et al.,
2005, Eakin et al., 2006, Folke, 2006).
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Riassunto: L’articolo esamina la letteratura scientifica recente su cambiamento climatico e misure di adattamento e
mitigazione. La rassegna analizza più di cento articoli riguardanti l’ambiente naturale, occupandosi principalmente
di foreste, agricoltura e risorse idriche. Lo scopo è quello di essere base per la ricerca futura su mitigazione a lungo termine e pianificazione dell’adattamento. Le possibilità di mitigazione riguardano principalmente la produzione di energia da fonti rinnovabili, per ridurre le emissioni di CO2 da combustibili fossili, e usare biomasse specificamente prodotte
o tipi differenti di residui o rifiuti. Altre strategie di mitigazione riguardano il contrasto o la gestione del cambiamento
di uso del suolo o il sequestro di carbonio nel terreno. Per l’adattamento al cambiamento climatico di colture, foreste
o vegetazione naturale c’è necessità di un intervento antropico, per aiutare le capacità di adattamento dei diversi ambienti. La maggior parte degli articoli analizzati sottolinea la necessità di agire presto per ottenere i risultati desiderati, e di prendere in considerazione, durante la progettazione delle strategie, società ed enti locali, che possono aiutare
ad identificare le vulnerabilità e le misure appropriate per ogni regione.
Parole chiave: cambiamento climatico, mitigazione, adattamento, sistemi agricoli, sistemi naturali, review.
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Today however, it is increasingly realized that
mitigation and adaptation can yield better results if
both strategies are seen as complements. This is
justified in the recent calls to integrate adaptation
and mitigation strategies into climate change
policies (Nyong et al., 2007).
Aim of this paper is to review some of the most recent
mitigation and adaptation measures developed
worldwide, accompanied, where possible, by studies
of their efficiency and applicability. The study is
focused mainly on mitigation and adaptation strategies
applied in the field of agronomy, forestry and related
natural resources.
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2. MITIGATION
During the years following the Kyoto Protocol,
intense research has been conducted in order to find
ways to reduce the increasing concentration of
greenhouse gases (mainly CO2) observed. Researches
were mainly focused at the following sectors:
reduction of the CO2 emissions and reduction of CO2
concentrations already present in the atmosphere,
improvement of the energy efficiency, invention and
promotion of new, low-carbon technologies and
renewable energy sources. Other mitigation options
are reducing or managing the land use changes, and
maintain or increase the C stock in soil.
In this paper some results are presented regarding
not only the new methodologies proposed for clean
energy and reduction of GHG concentrations, but
also problems that already existing technologies and
methodologies are facing on their applications, and
land use changes effects.
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2.1. Afforestation and reforestation projects
The loss of C from biomass and soils due to the
conversion of native ecosystems to agricultural land,
mainly in the tropics, is the second largest (after
fossil fuel) source of CO2 input to the atmosphere.
Most comes from the removal of the woody biomass
C stocks (from burning and decay) that are lost,
unless the land returns to forest cover.
The conversion of current land use to forest
plantations that sequester carbon dioxide may help
mitigate global warming (Sedjo et al., 1989, Harmon
et al., 1990, Binkley et al., 1994). Using forest
plantations as carbon sinks can be one of the lowest
cost options to reduce carbon dioxide emission in
the atmosphere (Plantinga et al., 1999, Van Kooten
et al., 2007). Following the Clean Development
Mechanism (CDM) of the Kyoto Protocol, the
United Nations Framework Convention on Climate
Change (UNFCCC) set new rules in 2003 that allow
developing countries to earn carbon credit revenues

from approved afforestation and reforestation
projects. Temporary certified emission reductions
(tCERs) and long-term certified emission
reductions (lCERs) were introduced under the
CDM as carbon credits from forest based programs
(Galinato et al., 2010).
In mid-2009 the number of registered CDM
projects was 1665, of which however, only 4 were
afforestation/reforestation projects, while two others
await registration (Thomas et al., 2009).
Thomas et al. (2009) and Galinato et al. (2010)
investigate the efficiency of the afforestation or
reforestation projects (A/R) and its temporary
certified emission reductions system (tCERs), as
well as the reasons of its so far limited application.
Galinato et al. (2010) identified three sources of
inefficiencies from the current policy, that lead to
the landowner’s suboptimal choice of timber
rotations. Firstly, at the frame of tCERs in forest
projects, carbon revenues can be earned only during
the first 60 years of the program; after that, no
crediting system is applied. Secondly, within the
tCERs mechanism, the landowner is allowed to
harvest and replant trees during the project without
affecting the validity of issued tCERs (Bird et al.,
2004). The absence of harvest taxes induces the
landowner to choose short rotation intervals, rereleasing carbon in the atmosphere. Finally, the
current crediting system “over-credits” the
landowner for the amount of carbon sequestered
because carbon counting at verification is based on
accumulated carbon instead of marginally
sequestered one. These have contrasting effects as
the first two induce the landowner to choose shorter
rotation intervals than the socially optimal ones,
while the third one induces to longer ones.
Thomas et al. (2009), on the other hand focused
their research on mainly two aspects of the A/R
projects: (1) financial constraints, particularly from
the landholders’ perspective; and (2) constraints
associated with proponents’ lack of the technical
knowledge and skills which are required to
successfully manage the complex administrative and
governance aspects of CDM project development.
They found that much of the structure of the A/R
projects is too complex or risky for the potential
participants. For example land users would have to
face potential impacts of disease, insects (Binkley et
al., 1997) and natural disasters such as drought, fire
and floods (Boyd et al., 2007, Mattsson et al., 2009),
and these potential threats can be powerful
disincentives for involvement if they imply loss of
income.
From the financial point of view, CDM A/R projects
compete with other CDM projects (biomass,
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hydropower, renewable energy) which offer earlier
returns on investment, since newly planted forests
take a number of years to yield net sequestration
benefits, so amongst CDM financiers, finance for
CDM A/R projects remains difficult to secure.
Another aspect of the difficulties one has to face
when dealing with these projects is the fact that in
developing countries, to which these projects are
mostly addressed, there is often a general lack of the
knowledge and technical capacity required to meet
the demands of the CDM registration process (Yong
et al., 2007). CDM A/R projects must fulfil a range
of prerequisites, including the establishment of
baselines, selection of an appropriate methodology
(for the project activity), leakage accounting and
explication of monitoring and validation procedures.
Therefore, in order to be able to take the maximum
profit out of it, future corrections must be made
accounting for the need of less bureaucracy and
more financial security of the projects.
Summarizing, afforestation/reforestation projects,
as suggested by UNFCCC in 2003, resulted in a not
very successful tool for mitigation. This seems to be
mainly due to bureaucratic/administrative problems
and future corrections are needed to give the
possibilities to developing country to start new A/R
projects.
2.2. Land use change
Land use change is responsible for about one third
of C emissions (Lal, 2003). A large proportion of soil
organic carbon lost could be re-sequestered through
converting to an appropriate land use and adopting
recommended management practices. Land use
change comprehends the conversion of native
ecosystems to agricultural (mainly in the tropics),
land abandonment due to soil erosion, salinization,
acidification, organic matter and nutrient depletion,
and the enhancement of human settlements, mainly
in the plain and coastal areas. A way to mitigation is
the restoration of degraded soil, improving soil
fertility and applying appropriate management
practices (Lal, 2003). This will augment carbon
sequestration in agricultural soil, could enhance
crop yields in good soil, while spare lands could be
used for production of energy crops. While
improving and sustaining biomass/agronomic
productivity, soil C sequestration reduces the rate
of enrichment of atmospheric concentration of CO2.
Lal (2004), Golub et al. (2009) and Smith et al.
(2000) calculated the mitigation effect of these
practices globally, for various continents/climate/
ecosystems and in particular for Europe. Gardi and
Sconosciuto (2007) calculated the depletion of top
soil organic carbon (SOC, in the first 1m) in the

North of Italy in the last 70 years (from 1935 to
1990). The estimated average reduction of SOC
was about 40%, and was related more to the
adoption of new agricultural practices, such as the
reduction of manuring and deeper tillage operations
(Reicosky, 2001), than to effective land use changes.
The area has been cultivated for thousands of years,
in the last century it experienced mainly a
contraction of permanent grasslands and alfalfa,
respectively from 13% to 10%, and from 40% to
30%. The reduction of SOC acted as a source of
carbon to the atmosphere, and the adoption of
appropriate agricultural practices can contribute in
reversing this trend and transform agricultural soil
from a source to a sink of carbon. A long term
experiment (1966 – 2000), conducted in the same
area in Northern Italy, showed that it is quite
difficult to enhance SOC content, and that it is
important to use manure together with mineral
fertilization but also to apply an integrated agricultural
management, including all the agronomical practices,
such as tillage, water management, cover crops
etc., to favour organic matter build up in soil (Triberti
et al., 2008).
Land use change occurs mainly for socio-economic
reasons and, where it is related to human population
growth, can have positive counterparts. Falcucci et
al. (2007) estimated an increase of forest in Italy,
from 18.7% in 1960 to 32.5% in 2000, together with
an increase of artificial cover from 1.3% to 4.6% in
the same period. This corresponds to a growth of
Italian population, and to a decrease of agricultural
land (from 58% to 52%). In this case social
development and urbanization had a positive effect
on land use change and consequently on C
sequestration.
Summarizing, the mitigation options associated with
land use change are mainly related to the reduction
of land conversion in the tropics, where forest is
transformed in cropland, and with the improvement
of existing farmland, by means of restoration of
degraded lands and the adoption of suitable
management practices.
2.3. Forest for carbon sequestration
and production of energy
One of the alternative uses that a landowner could
think of instead of the reforestation project, is the
use of short rotation forests for production of
electrical energy and biofuels. Energy crops
cultivation can have a double effect as mitigation
practice, mitigation from fossil fuel substitution and
mitigation from land recovery, when spare and
abandoned lands are used.
Kaul et al. (2010) compared the ability of forests to
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reduce the carbon from the atmosphere, either as
carbon sequesters or through the production of
electricity from their biomass instead of coal-based
energy, at both forest and non-forest land. Both
these mitigation options are likely to enhance the
competitive advantage of woody biomass energy
over fossil fuels as they may store carbon, while at
the same time replace emissions from fossil fuel use
(Marland and Schlamadinger, 1997, Berndes et al.,
2003, Walker et al., 2009).
Marland and Schlamadinger (1997) suggest that
direct carbon sequestration is favoured under low
growth and low conversion efficiency (slow
growing, long-lived trees), while fossil fuel
substitution is favoured under high growth and
high conversion efficiency (high production, shortrotation plantations).
The results of the study show that if we consider the
total carbon benefit from carbon sequestration and
biomass, short rotation forests used for energy
production had a better performance. Moreover,
this energy plantation option will probably provide
for developing countries income to the owner,
employment in the rural area, an alternative fuel
source for replacing coal and reducing carbon
emissions. It also may take away pressure on
remaining forests, as fuel wood may become
available from the energy plantations and will not
need to be collected from the existing forests.
However, clearing of old growth natural forests for
plantation of short rotation crops for fossil fuel
substitution is not advisable because the net effect
is negative for a long period of time, as most of the
carbon will be lost to the atmosphere and it may
take a long period to compensate this loss through
substitution of fossil fuel use.
Therefore the more advisable thing to do is to
protect the already existing natural forest and at the
same time plant short rotation forests at non-forest
lands for energy production.
2.4. Fuel production from biomass
Apart from the forests other non-food crops can be
used as biomass in order to produce energy and
fuels of second generation, such as residues from
agriculture, forestry and industry and dedicated
lignocellulosic crops. Thanks to technology
development, environmental performances of
second generation biofuels could benefit of the use
of high quantities of lignocellulosic residues and
waste which are already available, such as perennial
grasses, and short-rotation forestry (Cherubini,
2010).
The technological process followed in biorefinery is
depolymerising and deoxygenating the biomass

components, in order to produce fuels, as well as
other products like adhesives, cleaning compounds,
detergents, dielectric fluids, dyes, hydraulic fluids,
inks, lubricants, packaging materials, paints and
coatings, paper and box board, plastic fillers,
polymers, solvents, and sorbents (Cherubini, 2010).
The use of biorefining processes has several
advantages among which the production of fuels
and products from eco-friendly materials and the
reduction of the consumption of oil-produced
energy. The use of lignocellulosic crops has the
additional advantage of reducing the competition of
crops for fertile land, since they can be grown on
land which is not suitable for agricultural crops
(Cherubini, 2010). Moreover, in comparison with
conventional crops that can contribute only with a
small fraction of the above standing biomass,
biorefineries based on lignocellulosic feedstocks can
rely on larger biomass per hectare yields, since the
whole crop is available as feedstock (Kamm et al.,
2006, Katzen et al., 2006).
However, there are still things that should be
meliorated in the future. Concerning, for example,
the conversion plant, consumption of nonrenewable energy resources during biorefinery
processing should be minimized, along with related
environmental impacts, while the complete and
efficient biomass use should be maximized (Cherubini, 2010).
A carbon-free substitution of gasoline with more
energy efficient ethanol-derived fuels for
transportation is another possible solution suggested
by Silveira and Khatiwada (2010). Ethanol fuels
would derive from the sugarcane production
substituting oil fuels and contributing this way to a
reinforcement of the local economy and a reduction
of the CO2 emissions.
Rootzen et al. (2010) carried out a comparison
between mitigation strategies, afforestastion for
carbon sequestration versus afforestation for energy
production. The estimate, assessed using a
simulation model, was carried out in a village in the
south of India, using the same land for the two
different purposed, results showed that, in the short
term (30 years) the mitigation potential of the long
rotation plantation is largest, followed by the short
rotation plantation delivering wood for energy. The
bioenergy option is however preferred if a longterm view is taken. If managed in a sustainable
manner all of these strategies can contribute to the
improvement of the social and environmental
situation of the local community.
Lately, a large debate has taken shape which puts
the production of biofuels and the production of
food as diverging objectives and competitors for
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land and water. This debate often ignores the
established economic and productive realities found
in various developing countries the potential to
create synergies with existing industries, and the
decentralized character of decision making. For
poor countries, economic, social and environmental
benefits at the national level provide the strongest
motivation for change, and these benefits are
offered in several forms from the substitution of
gasoline by ethanol-derived fuels. For example, the
use of ethanol in the transport sector will have a
positive environmental effect while reducing CO2
emissions and combating pollution (Silveira and
Khatiwada, 2010).
An interesting study by Dalla Marta et al. (2010)
estimated the possibility to produce two energy crops
(sunflower for vegetable oil and maize for bioethanol)
in the regional set-aside areas in Tuscany (Italy). The
results, obtained by modelling, showed that this may
be an interesting opportunity for biofuels, obtaining
up to the 50% of the energy requirements in terms of
biofuels for transportations. Moreover, the exploitation
of abandoned farming areas offers the advantage of
avoiding criticisms, such as competitiveness with food
production.
Summarizing, using biomass to produce energy is
becoming more efficient, helping to reduce CO2
emission with this technique. Many kind of biomass
can be used, from short rotation forestry to perennial
grasses to residues of pruning to crops. In this last
case, it is a successful alternative if cultivated on
abandoned farming areas in developed countries or
in some productive reality in developing countries.
2.5. Energy production from phytomass
Another suggestion for the usage of phytomass for
producing energy comes from the study of Abbasi
and Abbasi (2010). They present a new way of
producing clean energy form anaerobic digestion of
phytomass which overcomes the problems appeared
in previous studies.
It is based on a three-stage process. In the first
stage, volatile fatty acids (VFAs) are extracted from
aquatic weeds using inexpensive contraptions such
as plastic buckets with a tap at the bottom, and a
plastic rod for occasional stirring. In the second
stage the VFAs are used along with cow-dung in
conventional biogas digesters. The third stage
comprises of composting the ‘spent’ phytomass after
VFAs have been extracted.
It is a technique with several advantages among
which, it is easy to use and requires no extra energy
since (a) it utilizes phytomass which has already
been generated in nature, (b) the extraction of VFA
is done at ambient temperatures; hence no fossil

fuel energy is needed for heating, in contrast to
production of ethanol from biofuel crops which
consumes fossil fuels in the distillation step and (c)
there is no solid or liquid waste generated. It fully
utilises the weeds, partly in generating energy and
partly in producing fertilisers, and releases only
carbon, capturing methane which has several times
higher global warming potential.
2.6. Energy production from biogas
Being the methane such a harmful GHG, reducing
or re-using it can be an efficient way to mitigate
climate change. Methane, or biogas in general, can
come from grass or crop residues, from livestock
manure, slurry, organic wastes mixture and even
from human waste. All this materials produce
biogas, i.e. anaerobic digestion of organic matter
produce methane that can be converted into
electricity, heat, energy in general. The biogas yield
depends on both the feedstock quality and the
technology and process engineering. The economic
efficiency and at the same time the mitigation
efficiency are difficult to asses and achieve, being a
quite complicated system. It is necessary to take into
account the quality of the feedstock, the emission
of GHG avoided, the emission of GHG produced
while storing materials before their use, or if the
biogas final waste is used as fertilizer in agriculture,
balancing synthetic fertilizers use, the technology
used for energy production. Wulf et al., 2006,
analysed the economic and environmental
efficiency of using slurry and organic waste together
for biogas production. They found this particular
combination to be cost-effective and contribute
positively to the production of regenerative energy,
thus reducing GHG emission. The magnitude of the
reduction depends on the management of
fermentation residues. (Prochnow et al., 2009),
reviewed the different aspects of producing
bioenergy from permanent grasslands. This comes
from the fact that in some countries, such as
Belgium and Sweden, grass is reported to be a
relevant crop feedstock for anaerobic digestion
(Gerin et al., 2008; Gunnarsson et al., 2008). This
feedstock for the biogas digesters is advised in
developed countries, where ruminant number has
been declining continuously in the last decades,
while grassland areas decrease at a smaller rate. This
leads to a remarkable bioenergy potential, while in
emerging and developing countries grassland use
for animal feeds is prior to energy production.
Mitigation effect on Carbon cycle and by means of
renewable energy production strictly depends on
grasslands management intensity and cutting
frequency.
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In many developing countries materials such as
straw, stalk or wood are primary sources for cooking
and domestic heating, due to the lack of other
sources. However the direct combustion of this
biomass causes serious environmental degradation
problems, such as indoor air pollution, deforestation,
emission of tons of GHG. Large quantities of biomass
are wasted for the low efficiency through incomplete
combustion in the stoves. To contrast these effects,
and also for the lack of commercial energy supplies in
rural areas, China government systematically
popularised, starting from the 1970s, household scale
biogas digesters for energy production. The study of
Yu et al., (2008) shows how energy substitution and
manure and waste management, working in
combination, reduced GHG emission efficiently.
Hopefully other developing countries will follow the
same politics, achieving the results of, at the same
time, giving clean and cheap energy to farmers and
mitigating climate change.
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2.7. Carbon capturing techniques
Another method to reduce carbon in the
atmosphere is to capture the already emitted CO2
and sequester it. Two possible methods for
capturing CO2 already emitted, are through
adsorption onto amine-grafted mesoporous silicas
and through geological storage of its compressed
form (Fig. 1), and they are analysed by Chang et al.
(2009) and Streimikiene and Mikalauskiene, (2010)
respectively.
One of these techniques proposed to capture CO2,
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Fig. 1 - Schematic showing both terrestrial and geological
sequestration of carbon dioxide emissions from a coal-fired
plant. Rendering by LeJean Hardin and Jamie Payne. ORNL
Review 33(2), www.ornl.org.
Fig. 1 - Schema che mostra il sequestro, sia geologico che terrestre, del biossido di carbonio proveniente da un impianto
di produzione. Rendering di LeJean Hardin e Jamie Payne.
ORNL Review 33(2), www.ornl.org.

is physical adsorption with solid adsorbents.
Although activated carbon and microporous zeolites
have been used in the past in pressure swing
adsorption to capture CO2 (Harlick et al., 2004,
Chue et al., 1995, Kasuriya, 2003), their low
adsorption capacity and requirement of
dehumidification as well as their need of
compression of the treated gases bring some
limitations. One of the remedies is grafting amines
onto nanoporous silica gel and mesoporous silicas
(Harlick et al., 2007, Leal et al., 1995, Knowles et
al., 2005, Huang et al., 2003, Kim et al., 2005,
Hiyoshi et al., 2004, Hiyoshi et al., 2005, Franchi et
al., 2005, Khatri et al., 2005, Chang et al., 2003).
Template removed mesoporous silicas, with
nanometer porous size and high surface area, were
demonstrated to exhibit high amine loading and
potential to be the substrate for surface amines used
in CO2 adsorption through silylation. The products
of this methodology are ammonium carbamates in
salt or zwitterion form.
The second method regards carbon capture and
consecutive geological storage of it. This is a
technique for trapping carbon dioxide as it is emitted
from large point sources such as power plants,
compressing it, and transporting it to a suitable
storage site where it is injected into the ground.
Possible sites where it could be injected could be
geological formations including oil and gas reservoirs,
unmineable coal seams, and deep saline reservoirs.
The security of sequestration however, depends on
the site characteristics and management.
This is a technique with significant potential for
mitigation of climate change, both within Europe
and internationally, particularly in those countries
with large reserves of fossil fuels and a fastincreasing energy demand (Streimikiene and
Mikalauskiene, 2010).
Another quite new way to reduce carbon in the
atmosphere is specifically linked to agronomical
practices. It involves biochar, the product of
pyrolysis that can be obtained by any kind of
biomass. Carbon is stabilized during pyrolysis,
which converts it in a form that is not easily
mineralised. The pyrolysis itself produces a certain
amount of energy, biochar is a by-product, together
with syngas that can further used to obtain energy.
After production, biochar can be applied to
agricultural soils yielding the many benefits that
have been attributed to it (Sohi et al., 2010); Laird,
2008). In soil, biochar has been experimentally
shown to increase grain yields, enhancing fertility
(Baronti et al., 2010, Chan and Zhihong, 2009). This
aspect improved the cost-effectiveness of biochar
compared to other mitigation techniques. Pratt and
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Moran (2010) evaluated it and concluded that all
the projects they considered in developing regions
and some in developed regions offer considerable
C abatement potential, and are cost-effective. It
stands out as a cheap, low-tech method which can
reach rural areas in developing countries, because
offers together low price energy (pyrolysis) and
agronomic benefits. In developed country it could
be used in spare lands, in particular for the
production of biomass in a kind of closed production
chain. Otherwise it can be used for carbon
sequestration in the same ways indicated at the
beginning of the paragraph (unmineable seams,
landfill, etc.)
3. ADAPTATION
In the last few years, climate change has started to
show its impacts on our everyday lives by the
presence of more extreme events, warmer summers
etc. This started to raise the awareness of people
and governments and rendered the need for
adaptation strategies more urgent.
At the end of 2008, at least seven national
adaptation strategies from Europe had either
formally been adopted or were under development
(Biesbroek et al., 2010).
The main sectors of an adaptation strategy regard
economy protection from extreme events, protection
of the natural resources and environment, healthcare
reform and new organisation structures to be able to
cope with the new situations and emergencies. Here
the attention will be focused on agriculture, forest
and the natural environment in general.
3.1. Adaptation in agriculture
In this paper we focus mainly on adaptation
strategies that prevent farm production from
decreasing under future climate. Therefore
measures regarding crop insurance, market rules
and other mostly economic strategies will not be
dealt here.
The basic threats for agriculture, imposed by
climate change, are increases in temperature, water
scarcity, higher frequency of extreme events as well
as other problems deriving from these, such as
increased erosion due to the higher precipitation
intensity (FAO, 2007, Howden et al., 2007, SEI,
2008, Reid et al., 2007).
Several strategies have been developed to help
farmers adapt to these future agricultural
challenges. These strategies could be classified into
three main categories: farm scale responses,
scientific suggestions and products and policy
measures.

Farm scale responses
The most common technique suggested in
literature, for almost every part of the earth, is
changing crops and/ or sowing dates to fit the new
climatic conditions (Nyong et al., 2007, Byjesh et al.,
2010, Thornton et al., 2009, Reilly et al., 1999,
Alexandrov et al., 2002, Butt et al., 2005, Mukheibir,
2008, Karing et al., 1999). For example, earlier
sowing dates or use of crops that are resistant to
warmer climates is an option for regions that have
projected to increase their temperatures in the
future. The effect that these techniques will have on
the yield, however, may vary with location and
season (Byjesh et al., 2010).
Very important for the adaptation in agriculture are
also the cultivating techniques adopted by farmers.
Studies have found that grain drying and doublecropping could have beneficial effects on the yield
production (FAO, 2007, Reilly et al., 2003). Other
methods, such as conservation tilling, furrowing,
row spacing and planting density would also have a
positive effect by improving the water efficiency of
the fields (FAO, 2007, Mukheibir, 2008, Reid et al.,
2007). In order to enhance the water use efficiency,
since the future projections suggest little water
availability, irrigation systems should be maintained
or constructed at fields that can no longer be rainfed. Moreover, efficient drainage systems should be
implemented through drainage tiles or ditches to
avoid negative impacts excessive rainfall (FAO,
2007, Reid et al., 2007).
Land topography could have positive results both
on yields, through elevation and orientation of the
slopes (Karing et al., 1999), as well as on erosion
prevention. Intense rainfall has been projected to
increase in the future, increasing the potential of
water erosion. New structures such as building of
terraces, contouring and planting vegetation as
wind-breaks or berms around the fields could
prevent eventual soil loss and assist in retaining
moisture by reducing evaporation and increase
infiltration (FAO, 2007. Reid et al., 2007, Abraha et
al., 2006, DEAT, 2004).
Scientific suggestions and products
Many studies suggest that the anthropogenic
influence on crop production should increase too,
through the introduction of new breeding varieties
of crops with better characteristics regarding
drought tolerance or resistance to pests (Byjesh et
al., 2010, Thornton et al., 2009, Bänziger et al.,
2006, Butt et al., 2005, Kallis et al., 1974, Zheng et
al., 2009, Reid et al., 2007). Gene banks already exist
at some places of the world (Nyong et al., 2007) and
with the assistance of the cultivators’ knowledge,
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new varieties could be developed. There is some
evidence, however, that this genetic material is not
exploited as much as it could be (Mann, 1994) and
especially with the progress in biotechnology there
is space for much improvement at this sector
(Tanksley et al., 1997).
The climatic conditions projected for the future
seem to be accompanied by an expansion of pests
and diseases that take advantage of the high
temperature and droughts. An integrated approach
is needed to face this problem, not only through the
development of pest resistant crops, but also by
maintaining or improving the quarantine
capabilities of the farms and reinforcing their
monitoring programs (Howden et al., 2007).
The results of a rational use of fertilisers is also
suggested in many studies (Adamtey et al., 2010,
FAO 2007, Howden et al., 2007, Karing et al., 1999,
Tubiello et al., 2002, Travasso et al., 2006). However,
their use should be limited to the appropriate
quantity since, according to Karing et al. (1999),
higher quantities than the ones required by the
plants will have negative effects on yields and the
environment. An appropriate use of fertilization also
acts on water use efficiency of plants. Adamtey et al.
(2010) showed that different rates of N-enriched
municipal waste co-compost and its derivatives had
positive effects on transpiration efficiency (TE),
water-use efficiency (WUE) and yield of maize in a
Sub-Saharan region in Africa, in comparison to
inorganic fertilisers.
Summarizing, a higher need of chemicals (fertilizers,
pesticides) seems to be coming as a consequence of
climate change, a responsible use of them, stimulated
by the scientific community, will be necessary.
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Policy measures
As mentioned above, measures regarding for
example helping local products enter the market are
not the scope of this paper. There are several
measures though, that could aid farmers to better
implement the strategies presented, in order to
increase their production.
One of them is the education and information
dissemination. Reid et al. (2007) found that fortytwo percent of the farmers they interviewed were
entirely unconcerned with climate change.
Awareness that climate is changing and information
about its effects and scale should arrive to the
farmers in order to better protect themselves
(Bryant et al., 2000, Reilly et al., 2000, Reid et al.,
2007).
Another aspect where public policies could help is
through economic aid for research and development
of better techniques to address the climate change

issue, like for example the research on new cultivars
mentioned above, tax relieves for farmers adopting
strategies that will decrease their vulnerability and
contribution to the construction or maintenance of
irrigation and drainage systems and other
infrastructures (Bryant et al., 2000, Reid et al., 2007).
Finally, the importance of climate and weather
forecasting, with results made available to farmers,
has been very emphasised at many of the papers
studied (Howden et al., 2007, Bryant et al., 2000,
Mukheibir, 2008, Reid et al., 2007).
No matter the wide variety of available options
though, certain socio-economical and practical
barriers appear when trying to make the appropriate
choice. Some examples are unawareness of the
situation, technology barriers such as costly and too
complex machinery, limited financial resources,
existing regulations, inexperience on dealing with
new technologies and climatic conditions,
competition from large farms and limited access to
information (Reid et al., 2007). Table I gives an
analytical overview of things that prevented Perth
County farmers in Ontario, Canada from
implementing several adaptation strategies in the
past.
The different socio-economical and other
conditions affecting each farmer’s decisions will lead
to different responses to the same climatic
conditions. As a consequence, we have the effect
observed by Bharwani et al. (2005) for Lesotho,
Africa, that poor farmers adapted better to climate
variability than richer farmers who respond mainly
to market signals.
Finally, when choosing an adaptation strategy, sitespecific characteristics should also be taken into
account since, according to Reidsma et al. (2009a),
actual impacts of climate change and variability are
largely dependent on farm characteristics too (e.g.
intensity, size, land use) (Fig. 2).
3.2. Adaptation of forests
Not only agriculture but also forests will be under
pressure in the future because of the changes in
climate. Although tropical forests and forests in
general have adapted to probably even more drastic
climatic change over the last several thousands of
years (Colinvaux et al., 1996, Colinvaux et al., 2000,
Morley, 2000), the pace of current changes in the
global climate as well as the concurrent imposition
of anthropogenic stressors (recently reviewed in
Laurance et al., 2006) may be beyond their natural
adaptive capacity.
Finding ways of protecting them is important for
many reasons, since they absorb the carbon released
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Tab. 1 - Perth County (Ontario, Canada) farmers’ adaptive capacity to climate change and risks (Reid et al. 2007).
Tab. 1 - Capacità di adattamento al cambiamento climatico e ai rischi degli agricoltori della contea di Perth (Ontario, Canada, Reid et al. 2007).
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Tab. 1

in the atmosphere and emit oxygen, playing a key
role in the maintenance of life on Earth, offering
house and food to many animals and protecting in
this way the biodiversity.
Several methods for enhancing their autonomous
adaptive capabilities as well as human interventions
on commercial species can be found in literature.
Here we present some of them.
At this paper we deal only with adaptation techniques
for commercial trees. Non commercial tree species
and natural forests should migrate without intentional

intervention (Spittlehouse et al., 2003). However,
protection measures from future high intensity natural
disasters should be taken for them as well.
High mortality can play a substantial role on increasing
the adaptation capability of forests (Kuparinen et al.,
2010), by decreasing the competition for nutrients,
water and light (Smith et al., 1997, Papadopol, 2000),
lower the susceptibility of pest attacks (Wargo et al.,
1991, Gottschalk, 1995) and speed up natural
regeneration (Kramer et al. 2008). It can be achieved
either naturally or artificially, although there are
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2001) or pests (Sieben et al., 1997, Kellomäki et al.,
2000, Volney et al., 2000, Logan et al., 2007) is
expected to rise under future climate scenarios. In
order to limit their negative effects, measures
should be taken to prevent them from happening.
One of these measures, regarding fire protection,
has to do with the forest structure. Changes in tree
spacing and density, removal of standing dead trees
or coarse woody debris on the forest floor, are all
techniques that would decrease the spreading of a
fire once it has begun (Dale et al., 2001). The trees
thinning mentioned above can have positive impact
on protection from fire too, through a reduction of
the size of both felling gaps (usually the most fire
susceptible areas) and fuel loads (Holdsworth et al.,
1997, Blate, 2005). Also, the plantation of fireresistant species between flammable ones, such as
conifers, can have a significant impact at reducing
the fire extend (Spittlehouse et al., 2003).
Regarding protection from pests and diseases,
cutting the infected trees would be one of the
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serious concerns on whether it should become part of
forest management, since it may impact negatively
species that depend on old trees (Kuparinen et al.,
2010).
Some artificial ways of increasing mortality are by
controlled burning to enhance seeding establishment
(Wolffsohn, 1984), thinning, aimed at stimulating
crown development and eventual fruiting of seed trees
(Kellomäki et al., 2000, Guariguata et al., 2002,
Kramer et al., 2008) and removing of suppressed,
damaged, poor quality trees (Smith et al., 1997,
Papadopol, 2000).
Although most of the time artificial mortality
increase has only desirable effects, natural disasters
have often unpredictable consequences. The
natural mortality is likely to increase in the future,
since projected frequency and intensity of extreme
events and temperatures is incrementing. For
example, the frequency and intensity of forest
disturbances, such as fires (Kellomäki et al., 2000,
Flannigan et al., 2000, Stocks et al., 1998, Wheaton
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Fig. 2. - (a) Spatial distribution of the diversity in farm type yield variability (SD, %), and relationships to average temperature (temp, °C) from 1990 to 2003. Wheat yield variability is similar for different farm types in (b) Champagne-Ardenne, while
in (c) Emilia-Romagna the diversity in wheat yield variability is larger. In (d) Champagne-Ardenne standard deviations in the
relative wheat yield anomaly for individual years are small (SD = 3.7) and regional yield anomalies (from the trend) are significantly different from zero and correlated to temperature (r = −0.66 with tempJuly, r = −0.44 with temp). However, in
(e) Emilia-Romagna the standard deviations are large (SD = 8.3) and regional yield anomalies are not significantly different
from zero and are not significantly correlated to temperature (r = −0.13 with tempApril, r = 0.33 with temp). Note, temperatures shown in (d) and (e) refer to the months with the largest negative correlation (Source: Reidsma and Ewert, 2009).
Fig. 2 - (a) Distribuzione spaziale della variabilità della diversità (SD, %) nei tipi di azienda agricola, e relazione con la temperatura media (temp, °C) dal 1990 al 2003. La variabilità nella produzione di frumento è simile per tipi diversi di azienda
nello (b) Champagne-Ardenne, mentre in (c) Emilia-Romagna la diversità nella variazione di rese del frumento è più ampia.
La deviazione standard dell’anomalia delle rese dei singoli anni in (d) Champagne-Ardenne è limitata (SD = 3.7), le anomalie regionali sono significativamente diverse da zero e correlate alla temperatura (r = −0.66 con tempJuly, r = −0.44 con
temp). In Emilia-Romagna invece la deviazione standard è grande (SD = 8.3) e le anomalie regionali non sono significativamente diverse da zero, né correlate alla temperatura (r = −0.13 con tempApril, r = 0.33 con temp). Da notare che le temperature mostrate in (d) ed (e) sono quelle che hanno la maggior correlazione negativa. (Fonte: Reidsma and Ewert, 2009).
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measures suggested (Smith et al., 1997). Also, by
shortening the rotation length, a decrease of the
period of stand vulnerability to insects and diseases
can be achieved (Gottschalk, 1995), while at the
same time we have an acceleration of the adaptation
procedure and a chance to switch to more suitable
species (Lindner et al., 2000, Kellomäki et al., 2000).
These species can either be found directly in nature,
by studying the responses of current species to new
climatic threats (Spittlehouse et al., 2003), or be the
result of pest and drought resistant plant breeding
(Namkoong, 1984, Wang et al., 1995, Kellomäki et
al., 2000). However, after 50 years of tree breeding
attempts to face existing pests and diseases, the
results are still not very promising .
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Apart from the increase in the frequency of extreme
events, climate change will pose stress to trees due
to the projected different temperature and moisture
conditions too. In order to foster trees’ autonomous
response to the changed conditions other strategies
should be implemented, such as some vegetation
management to control the expansion of undesirable,
competitive species (Parker et al., 2000), the
maximization of the number of seed trees to be
retained and harmonization of the timing of tree
harvesting to follow seed dispersal (Grogan et al.,
2006). For dioecious species, retaining similar
numbers of adult male and female trees to ensure
reproduction and maintain genetically effective
population sizes (Yeh, 2000, Guariguata et al., 2007)
is also important.
Finally, the transplantation of genotypes from lower
to higher latitude forests could aid the establishment
of better adapted genotypes (Hoegh-Guldberg et al.,
2008, Marris, 2009).
Part of the strategies mentioned above is presented
on table II, where they are classified with regard to
the climatic threats they are build to face and to
whether they are short or long term ones.
3.3. Protection of the natural environment
Regarding the natural environment, Hannah (2009)
underlines the importance of its conservation and
the protection of wild species.
The paleoecological record shows that range shifts
have been a predominant biological response to
climate change, with each species tracking its
preferred climatic conditions, often over long
distances (Coope, 2004, Graham et al., 1990,
Huntley, 1996). Multiple examples are studied of
species moving out of protected areas due to climate
change (Araùjo et al., 2004, Williams et al., 2003)
and of the need to add protection to balance these
losses, as diverse as plants in South Africa and

mammals in Mexico (Hannah et al., 2007) or to add
new habitat in areas that will become climatically
suitable (Hannah et al., 2008).
Additional protection needs, therefore, fall into at
least four categories: compensatory, restorative,
spatially or temporally variable, and places of refuge
from diseases and pests. Compensatory protection
will make up for loss of protection of individual
species due to range shifts or losses in abundance.
Restoration will provide future habitat or connectivity
pathways for one or more species and will allow
species or ecosystems to recover from climate
induced large-scale changes, such as wildfires or
storm damage. Spatially or temporally variable
protection will move in space or change over time to
track changes in range, abundance, or phenology.
Finally, disease and pest refuge protection will
protect areas that are naturally sheltered from largescale pest and disease outbreaks and so provide a
source of natural regeneration and recovery after
episodes of mass mortality.
Practical suggestions that should get in the
adaptation agendas are, for example, that the areas
saved from deforestation need to be reconnected to
facilitate future species range shifts in response to
climate change, particularly movements along major
riverine corridors and within areas of high genetic
richness (Wilme et al., 2006, Hannah, 2008, Reilly et
al., 2000, Peters, 1990, Noss, 2001). Because so little
forest connectivity remains, and since there is
evidence that suitable habitats for many species are
likely to shift faster with climate change than the
rate at which trees can migrate (Kirschbaum et al.
1996, Kuparinen et al., 2010), some species may
require assisted migration (Reilly et al., 2000, Parker
et al., 2000) or need to be bred in captivity until
suitable habitat has been restored.
Managing processes such as range shifts and largescale disease outbreaks is essential as climate
changes. For most species, this implies cross-border,
multinational management, which will require new
administrative structures, new political agreements,
jointly implemented research agendas, technology
transfer, and training. Therefore, an international
conservation system for climate change is needed
because the dynamics of climate change transcend
national boundaries, extend to international waters,
and often entail investment beyond the means of
the countries in which the adaptation burden is
greatest (Hannah, 2009).
Apart from the organizational point of view, a
change in people’s mentality should also take place
through the raising of public awareness and the
proposal of new ways of living, more sustainable and
environmental-friendly.
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Tab. 2 - Three examples of applying the framework for adaptation in forestry (Spittlehouse et al. 2003).
Tab. 2 - Tre esempi di applicazione di uno schema di adattamento in selvicoltura (Spittlehouse et al. 2003).

making to increase the adaptive capacity of regional
and local scale management institutors.
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3.4. Adaptation options for the water resources
Conflicts can also derive from reasons regarding
water deficit. The rise of the temperature in
conjunction with the other predicted effects of
climate change (more intense precipitation, more
frequent droughts etc.) has already started to
render uncomfortable the life in places like
Australia and Africa and it will become more
intense in the future, affecting more places on the
planet. Conserving the resources already available
and finding ways to reduce the demand and
increase the supply of freshwater, becomes more
and more urgent.
Here some adaptation measures are presented that
have already been applied in several places on
Earth, regarding mostly the agricultural sector and
the natural environment in general, and not so
much measures about water saving in houses or
industries.
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However, change of habits and lifestyle in general
could face at its application barriers of socialcultural nature. For example, when the lifestyle to
be adapted comes in contrast to the traditions of a
nation, consequences such as the erosion of
traditional land skills among younger generations,
substance abuse, and the cultural value of hunting
and consuming certain country foods throughout
the year (Condon et al., 1995, Berkes et al., 2002,
Pearce et al., 2010a, b), as well as conflicts between
contrasting interests could appear.
Clark et al. (2008) identify a number of policy
options to reduce conflict over wildlife management
in the context of multiple stresses and competing
uses, and which are relevant in a climate change
context. In the short term they recommend focusing
on sharing traditional and scientific knowledge in
management decisions, appraisal and use of best
practice from other contexts, and the co-production
of knowledge on the health and status of wildlife
populations. In the long term they advocate
emphasis on local and decentralized decision
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Measures to increase the supply
The first measure that could be implemented to
increase the water supply under current and future
conditions is to create water reservoirs to storage the
already available water either at the form of dams
or tanks (Huntjent et al., 2010, Bates et al., 2008) or
by impounding rivers to form instream reservoirs
(Bates et al., 2008). Water deriving from snow could
as well be storaged at reservoirs at regions where
there is plenty (Bates et al., 2008).
Rainwater harvesting, through for example soil
embankments (DWAF, 2004), is also a very popular
adaptation measure (Mukheibir, 2008, Bates et al.,
2008), with the water harvested either being used
for example for secondary residential uses (for
irrigation of gardens, filling of swimming pools etc.)
or being injected into the ground to recharge the
groundwater aquifers (Mukheibir, 2008).
Ground water aquifers could also be recharged by
transferring high quality surface water into the
ground at the form of rainfall runoff, a technique
that would also prevent water erosion on the fields,
treated wastewater or urban storm runoff
(Mukheibir, 2008, Bates et al., 2008). However,
whenever water is going to be injected into the
ground, its high quality must have been certified
(Mukheibir, 2008, Bates et al., 2008, Murray, 2004).
This technique, applied already at both small and
large scale schemes at several South African
municipalities, would provide water for eventual
drought periods and could aid at improving the
quality of the groundwater, specifically the salinity,
by replenishing the aquifer when river runoff is
available (Mukheibir, 2008). It might, however, be
costly since a basic maintenance of the infrastructure
is needed to ensure that the injection rate is
optimised (Mukheibir, 2008).
Some other techniques that could provide access to
more water in the future are extraction of
groundwater (Bates et al., 2008), use of solar
distillation (Bates et al. 2008) and desalinate sea
water (Huntjent et al., 2010, Bates et al., 2008,
Mukheibir, 2008) or dilute it with fresh water until
it reaches acceptable concentrations (Mukheibir,
2008). Desalination is a costly technique and this is
the reason why it is not currently applied at many
places. However, if water becomes less available,
under future climate projections, and people have
to dig deeper to extract groundwater, the cost for
extracting it could become comparable to the cost of
desalination.
Measures to decrease the demand
There is a general belief that agriculture consumes
much of the water that could be used for residential

or other uses. To contribute in reducing the
competition with other sectors, some relatively
simple measures can be implemented.
First of all, several techniques have been suggested
in literature to aid at enhancing water infiltration
and holding the soil moisture on the fields. These
techniques include for example the use of soil
organic matter, since there is evidence that it
improves the water absorption capacity of the soil
(FAO, 2007) and also most of the adaptation
methods suggested above for agriculture, that would
have a positive effect on water management on the
fields. For example, row spacing and planting
density (Mukheibir, 2008) as well as conservation
tilling, furrowing, terracing, contouring and planting
vegetation, assist in retaining moisture and increase
infiltration in the soil (Mukheibir, 2008, Bates et al.,
2008). FAO 2007 suggested also the permanent soil
coverage by vegetation, as a measure to reduce
direct evaporation from the soil.
Another way to keep more moisture on the soil is by
reducing its absorption by plants through mixing
crops (Huntjent et al., 2010, Bates et al., 2008) and
changing crop types and planting dates (Mukheibir,
2008).
Irrigation plays an important role in determining the
water demand of the agricultural sector. Efficient
irrigation (Huntjent et al., 2010, Bates et al., 2008)
with the aid of weather forecasts and irrigation
models is one of the methods suggested. Irrigation
infrastructures should be maintained to avoid leakage
(Huntjent et al., 2010, Bates et al., 2008, Mukheibir,
2008) and where possible pipelines should substitute
open irrigation channels to avoid losses through
evaporation (Bates et al., 2008).
Finally, installation of pressure management
systems that reduce pressure when there is low
usage is another method to avoid wasting water
(Mukheibir, 2008).
To lessen the decrease in stream flows, the most
common suggestion is the removal of invasive,
water-thirsty riparian vegetation which, according
to Mukheibir, 2008, is responsible for a 7%
reduction in annual flow for the streams of South
Africa (Huntjent et al., 2010, Bates et al., 2008,
Mukheibir, 2008).
There are some measures also for diminishing the
water demand from urban and domestic uses too,
like for example maintenance of the transporting and
storage infrastructures, recycling of water (Huntjent
et al., 2010, Bates et al., 2008, Mukheibir, 2008),
different water quality use for different purposes
(Mukheibir, 2008), as well as some policy measures,
such as restrictions in water use (Mukheibir, 2008)
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and rearrangement of prices to discourage an
eventual waste of water (Huntjent et al., 2010, Bates
et al., 2008). However it’s not in the intentions of the
authors to make an in depth analysis on these
sectors.
Finally, a common observation, valid for every
sector that needs to adapt, is once more, the
necessity of communicating to people the need for
saving water and inform them on possible
techniques to do so (Mukheibir, 2008).
3.5. Information dissemination
Many studies give a significant importance to raising
public awareness on the subject of climate change,
diffusing relative information and involving people,
as individuals or communities, to the planning and
implementation of the adaptation strategies
(Biesbroek et al., 2010, Nyong et al., 2007, Ford et
al., 2010).
Unless they are organised at the national level, local
and regional representatives are most often
neglected even though there are considerable
benefits in including stakeholders in the
development of a National Adaptation Strategy, for
example by: (1) identifying the most appropriate
(and desirable) forms of adaptation and their
viability; (2) mobilising tacit knowledge and
experiences of stakeholders on local vulnerabilities
and impacts; (3) analysing the capacity of
stakeholders to cope with the impacts of climate
change; (4) building shared understanding of the
impacts, vulnerabilities and options of adaptation
and (5) enhancing the ability to identify priority
areas (Biesbroek et al., 2010).
For the involvement of the citizens on the other
hand, suggestions in the strategies include
educational programmes, campaigns, stakeholder
platforms and events as interactive communication
modes which enrich the process of double loop
learning in society. As computer literacy in Europe
is generally high, information can be cheaply and
easily stored and updated, and the internet is
globally accessible (Biesbroek et al., 2010).
Although some are perhaps more effective than
others, all communication modes play a considerable
role in climate adaptation by increasing general
understanding of the climate problem, enhancing
response capacity and motivating people to actively
participate in adaptation practices (Moser, 2010).
4. CONCLUSIONS
This paper presents the results of a literature
research on mitigation and adaptation strategies
developed recently or already in use, worldwide. It

is focused on the natural environment and therefore
deals mainly with subjects related to forests,
agriculture and water resources.
The mitigation options found were mainly focused
on sequestering CO2 through natural (plants) or
technical ways (chemical adsorption or storage in
the ground) and producing energy and fuels from
biomass. Afforestation or reforestation projects
resulted not very effective, mainly due to bureaucratic/
administrative problems. Future corrections are
needed to give the possibilities to developing country
to start new projects. An effective mitigation option
is the contrast of land use change, reducing land
conversion in the tropics, and improving existing
farmland, by means of restoration of degraded lands
and the adoption of suitable management practices.
Adaptation measures were mainly focused on ways
to enhance the adaptive capability of plants
rendering them more temperature and water-stress
resistant, and ways to protect environments and
species that are too weak to deal with the changes by
themselves, in forests and in natural environment.
Agricultural management practices, water resources
protection and efficiency of use enhancing will be
unavoidable in a climate change perspective.
Several suggestion are here presented.
There is a variety of different strategies proposed
for both mitigation and adaptation. However, what
is common in most of the papers reviewed is the
need to act immediately in order to have the desired
results, and to include at the procedure of
implementation of the measures, or even during the
design of the strategy, the society and the local
authorities, which may be able to help at identifying
the vulnerabilities and the appropriate measures for
each region.
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